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Motivation

Many unexpected states have been observed
recentlyabovethe pp thresholdXYZ).

U Thefeaturesof thesestategpoint beyondthe QCD
models for instance
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[arXiv:1110.1333 1303.6857] @ :
[arXiv:1303.6608 1304.28821304.1850] LFNYS- Rev. D 78, 094504 (2008

X states:
V Charmoniurdike states with &1 1-.
V Observed in B decayp,p  and pp collisions.

Y states:

V Charmoniumike states withF = 1-.
V Observed in direat*e annihilation or in ISR

Z states:
V Charmoniurdike states. 0= 1= 1= o= 1#  om
V Must contain a charspair and a light quarfair. JPC
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Motivation

U Radiative transition of the Y(4260 and
Y(4360 to lower lying charmonium or
charmoniurdlike stateis important to study
thefeaturef XYZ states

U This studyis possibleat BESIII experiment,
which hascollecteda large amountof dataat
different centerof-mass(CM) energiesabove

x This talk includes the results of

3.8 GeV. :
B , following analyses
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BESIII has collected around 4.6fb" data above 3.8 GeV during 201-2014. [arXiv:1411.6336 (2015)]
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Observation ofete A oX(3872)

U Perform a search for X(3872 with sE T N
X(3872 Y+ -Ji using the data at the : ii’:t‘:lﬁt
CM energiesof 4.23 GeV, 4.26 GeV and B .- Background 7

4.36 GeV.

Events / 3 MeV/c?
o
[
|

U Summedover all the CM energiesto
performthe maximumlikelihood (ML) fit.

3.85 38  3.95
M(ed/y) (GeVic?)
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U Maximum significance is observed to

O3 . se7= 3871.90.70.2 MeV/c —

U Observationsupportsthe existenceof the ; U_Sf_ i:lf?:;azeo)
radiative transition of  Y(426Q Y S oab 7 Phase Space
oX(3872), butnotvery conclusive N

1
(i If X(3832 decaysrom Y(4260: >
<
B(Y(4260)- YX(3872)) T ok
— ~ 0.1 .
B(Y(4260)->TUTUJ/V) E.n (GeV)
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Electronic width of X(3872)

Electronic width of X(3872) strongly depends on its
substructure. c

YISR
state radiation (ISR)

Initial

I Theoretical predictions are under construction.

More precise value of electronic width may rule out
some models for structure.

Production via a twghoton box diagram.

Decay mode: -7 Background: e'e’Y 0X(3872)

PRL 112, 092001 (2014)
ete™ — X(3872)yisr — 7 7~ J/Uyisr

—sata "y sr l=p,e
I Absolute value of the cosine of ISR photon is required to be greater thato(a96id any
background from radiativete’Y 2X(3872).

2 constraint (2C) kinematic fitt m®=0, m..=m,,

Use the data at the CM energies of 4.009 GeV, 4.23 GeV, 4.26 GeV and 4.36 GeV.
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Electronic width of X(3872)

U No significantpeakof X(3872 LI

o —— data —+—data
is found at any of the four CM 210 jf_'f}’f}j“‘“’ f'_'mm'
energies S — it | —F
8 1o g Ecrie 4.23 GeV
U Set an upper limit for the v ) Tt
electronicwidth of X(3872. : ‘rm .
Calculation of 838 M) [Gevic O ) [GeVie]
U The number of observed X(3872) L —— <10 w—
is given by E‘“’ --.mia?z) ?ns ---inpsa?z)
d’;ﬁ = LeaW(s, x)o(m(s, x))B(A = ) ; A i —

om % 4.26 GeV Em"; = 4.36 GeV

Even
=

= NS> = LM B(A = ),

iy
|

" fﬂr A = X(38?2), w(ZS) m-‘l “]-1

; ’ . . . ) 4 dd 36 47 33 3.9 41 42
@ £, is the reconstruction efficiency M(mdfw) [GeVic] {ﬂwa) [GeV/c]
o lpa= [ ba(m(s,x))W(s,x)dx \ x=1—m?/s
e W(s,x) is the radiator function [ Rev. Mod. Phys. 83, 1545 (2011)

@ ba(m) is the relativistic Breit-Wigner function over M,
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Electronic width of X(3872)

Electronic width:

N
A +_ _— _ A
LeeBlAd = mim V) = e LB = 6 0)
c.m. energy [GeV] 4.009 4.230 4.260 4.360
Lpb™] 482 1092 826 540
T (3686) [Pb/keV] 310 172 161 133
Ix(ss72) [Pb/keV] 671 247 225 174
N¥(25) 4168 +£65 5026+71 3547+60 1846 + 43
r43656) [y 2108 +34 2232432 2223+38 2176+ 51
T XS B(X(3872) — ntr—J/4) at 90% C.L. [eV] |  0.630 0.314 0.319 0.646

U Use a weighted average method to compute the final value of the electronic wi{B8686).

Q%) 2213 18, 99, eV

Sys
(i Combined all the likelihoods to X(3872) to compute the final valu€z3f>*">

G#¥72)B(X(3872) - p* pJ /| Jy <0.1%eVatthe 90% C.L.
This measurement improves upon the current exrstrng limit 6.2 eVAhys. Rev. D 71, 052001 (2009)y

a factor of 46.
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Search for Y(4140) viaeteY 2dJly

Mystery of Y(4140):

U The CDF experimenfirst reportedthe evidencefor a newstatecalledY (4140 in thedecay
proces®f B*Y «JiK*[Phys RevLett. 102 242002(2009; arXiv:11016059.

U Belle experimenthas reportednull resultsin the samedecay processand two photon
production[Phys RevLett. 104, 112004(2010)].

U LHCb hasalsoreportednegativeresultsfor the decayprocesof B*Y «JK*[Phys RevD
85, 091103(2012)].

U CMS and DO collaborationshaverecently confirmedthe observationCDF experimentin
thesamedecayprocesgPhys Lett. B 734, 261(2014), Phys RevD 89, 0912004(2014)].

U BaBar has also investigatedthe same decay mode and found no evidenceof Y(4140
production[Phys RevD 91, 012003(2012].

This particle is considered to be a good candidatefor molecular.
[Phys. Rev 080, 05409(2009)]
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Search for Y(4140) viaeteY 2dJly

Event selection forete’Y 20dJly; Jly Y etels*e-

x For « YK*K-

Partial reconstruction, only one K is required to be reconstructed.

x For f - KK

Partial reconstruction, only s required to be reconstructed, byti«
considered as a missing track

x For ¢« Y+ -°0

Fully reconstructed the decay process.
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Events / 3 MeV/c?

Events / 3 MeV/c?

Events / 3 MeV/c?

Search for Y(4140)

For « YK*K-
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Search for Y(4140) viaeteY 2dJly

Combine 6 modes ( 3 ¢ modes ® 2 J/yy modes)

5 : 0.4 5E 2 0.4
45F Jo.3s 45F Jo3s

v oap @ ] v E ® . Js=4.26GeV
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Search for Y(4140) viaeteY 2dJly

U No evidence of Y(4140) signal is found in any of the three CM energies.

U Setthe 90% C.L. upper limit fce? - B = 6(ete™ — yY(4140)) - B(Y(4140) — ¢J /y).

Vs (GeV) Luminosity (pb~™") (1+8) nPd &5.5 (pb)

4.23 1094 0.840 <339 <0.35
4.26 827 0.847 <207 <0.28
4.36 545 0944 <179 <0.33

Where, (1 + ) is the radiative correction obtained from the QED calculation.
[Yad. Fiz. 41, 733 (1985)]

The upper limits can be compared with the) production rate
, (QQ O oYY ' owRe“ “ OIF  PRLI1I2 092001 (2014)
Take' (o wR@ “ “ UIf )=5%. arXiv: 0910.3138

And' &t P D P %l = 30%, molecularcalculation, PRD80, 054019.

: OO (( ))) 1 at/T=4.23 and 4.26eV.
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Evidence fore*e’Y o6, ,

U Reconstructheg,; by its 2J decaymode,wherell decaydo *¢- in thefinal state

U Performa 5C kinematicfit with two ¢ 3 o
charged track and two photon 2" 2t
candidateswvith a constraintthat the 9_':5 © 10 f ,]l 4230
di-muon invariant massdistribution gﬁ jg:: , |
mustpeakat J massposition L% N E B l TN
2 2 F ] '
u P.erfprm. the ML fit to the I_\/IOJ,Y Ry Tt e I | TRV R TRy ol
distribution to extract the signal M, (Gevic) My,  (GeVic)
events
K 2l K °f
Signal a doubleGaussian with 3 S
shape parameters determined from ,; o 6}
MC at 4260 MeV g g,
oy 0
> >
- i W w2
Background: radiativedimu MC g | T
shape %35 34 345 35 35 36 36 37 S 3|4-“I?Ir.1:l.'l'l.|”?r.5 35 36 36 kY

My,  (GeVic)) My,  (Gevic)
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Evidence fore*e’Y oG, ,

i Performthe ML fit after combining A simultaneous fit to MiJk ) at 4 CM

all thefour CM energief data energy pointsvith assuming the
productionti(e*€’ Y o6,,) at different,/T

follows thelineshapeof Y(4260)

N [
Q¢ “ -
> - g 30 s
QD 25 L A -
= - = 25 -
= o 20
A 15 Ly
-'g' : _.g 15 _ /
S 10 : @ 10
(18 : > .
5 L -
0:.LL..J"..“»..LLL..-“':|..;"u".|.'.‘u.|....|4‘.... 5: iy .;
335 34 345 35 355 36 365 37 0 e
335 34 345 35 355 36 365 3.7
My, — (GeVic) M,  (GeVic)
The statistical significance values are The statistical significance values are
observedo 1.20, 3.00, 3.40 for 6y, Gy observedo 00, 2.40, 4.00 for 64, Gy
and G, resonancesespectively and G, resonancesespectively
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Evidence fore*e’Y oG, ,

The measured Borcorsssection
b(ete A96,;)

am + - + LR
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The upper limits on the cross sectioretd Y 26.; arecompatible
with the theoretical predicatiofarxiv:1310.8597]
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U BESIII hasobserved the processof ete’Y aX(3872 first time with a statistical
significanceof 6.30 for /s>4 GeV. The measurementare consistentwith the
expectatiorfor theraditivetransitionproces®f Y (4260 YbX(3872.

U An improved90% C.L. upperlimit for the electronicwidth timesthe branching
fractionof G®"?B(X(3872) - p* pJ/ j)Iisobservedo be0.13 eV, whichis 46times
betterthanpreviousmeasurements

U No evidence of Y(4140) is found in the decay processeY 0dJf.

U Wefind theevidencefor ete’Y o9 g andete’Y o9 g with statisticalsignificanceof
3.0 and3.40, respectivelyfor Js>4 GeV.

U We are still analyzingthe data and looking forward to producemore exciting
resultsin nearfuture.
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Thank you!
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Back up Slide
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BESIII Experiment

- Super conducting magnet

BESIII experimentis a symmetricelectronpositron

collider experimentrunning as tau-charm region - V 1 Tesla
locatedat Instituteof High EnergyPhysics Beljlng,
China

T|me of Flight (TOF)

A 2 layer plasticscintillators
A Time resolution 0 = 100ps
A Particle id

Muon system
A 9 layer RPC

[Nucl. Instrum. Meth. A614, 345399 (2010)]

Electromagneticcalorimeter (EMC)
(CsI(TI))

Multilayer drift chamber (MDC)

A He/C,H, (60/40
A 4§Ia;eri‘,( ) A Barrel: 44 rings (d
A Endcapsconsists of @ings

) with 120 crystals

nde

A Momentum resolution {p/p = 0.5% @ 1GeV

A Spatial resolution (i, = 130em. Y 6 2cA/gals overall
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Some of the important BESIII results

Z¢(3900) M(*Jly) 2c(4020) M@ho

PRL,111,252002 PRL, 110, 252001

Z¢(3885) M(DD*) Zc(4025) M(D*D*)

PRL,112,022001

PRL,112,1320
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